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Abstract—Spatial Data Infrastructures have recently become a 
crucial part of national infrastructures. Example users are 
governments using them to make informed policy decisions 
and the private sector using them in order to understand their 
customers better. It is estimated that Australian spatial 
industry revenue is in excess of $1.35 billion annually. The 
Cooperative Research Centre for Spatial Information in 
Australia is currently working with the Commonwealth, 
jurisdictions and the private sector to understand the research 
required in this area to support both the public and private 
sectors in their decision and policy making based upon these 
infrastructures. This paper presents an early perspective as to 
possible research areas in this field. An underlying theme that 
reoccurs in the research is the need to consider usability of 
such systems and the need to move beyond just data to 
orchestration of processes to obtain derived products. 
Keywords-component; sdi; semantic web; ontology; spatial 
data; rdf. 
I.  INTRODUCTION 
An increasingly important component of national 
infrastructure is Spatial Data Infrastructure (SDI) that 
consists of spatial information such as road centre lines, land 
parcels and land height data. SDIs are providing resources 
for policy decisions, emergency planning and governing as 
well as for private industry business decisions [1, 2]. In the 
years 2006 – 2007 it was estimated that direct revenue from 
the spatial industry in Australia was up to $1.35 billion and 
its use within other areas in Australia contributed $6.43 - 
$12.57 billion to the economy [22]. These factors have 
played a significant role in seeing the number of SDIs 
increasing rapidly worldwide [3, 4, 5, 6, 7]. 
 
The Australian Federal Government established the 
Office of Spatial Policy (OSP) in July 2011 that is "…a 
central policy unit, responsible for facilitating and 
coordinating spatial data management across Australian 
Government agencies… in response to outcomes of various 
reviews…" [8]. A challenge facing SDIs is not an 
information shortage but quite the opposite, the abundance of 
available information. In the modern world, apart from 
traditional quite static spatial data (cadaster, roads), much 
data is being collected continuously.  There are geo-sensors, 
automotive traffic sensors, maritime traffic sensors, 
aerospace traffic sensors, weather sensors, seismic sensors to 
name just a few. There is also the constant supply of 
information (some of which is geo-tagged) through social 
network feeds such as Twitter and Facebook.  
 
The data is abundant, but it is the ability to search and 
extract meaningful and useful information in appropriate 
time frames where many research challenges occur. Using 
the landscape of Australian SDIs as a backdrop this paper 
examines SDIs and the possibility of how the Semantic Web 
may be used to solve issues with making the vast array of 
data available in useful, meaningful ways to government, 
private industry and the general public. 
II. WHAT IS A SDI 
Commonly cited SDI definitions are: "a coordinated 
series of agreements on technology standards, institutional 
arrangements, and policies that enable the discovery and use 
of geospatial information by users and for purposes other 
than those it was created for" [9] or "…a framework of 
technologies, policies, standards, and human resources 
necessary to acquire, process, store, distribute, and improve 
the use of geospatial data across multiple public and private 
organizations" [10]. Put another way, an SDI is the 
infrastructure required to make geospatial data available for 
use by those who may or may not be experts in the geospatial 
domain. 
 
The Australian Cooperative Research Centre for Spatial 
Information (crcsi) is currently examining the SDIs available 
in Australia and New Zealand in order to facilitate 
coordinated research in the field within the two countries. 
Fig. 1 depicts a, not yet completed, picture of this landscape 
showing those organisations that have some involvement in 
SDI generation and control. The figure shows that there are 
many different groups involved in SDI development and 
usage and exploration reveals a certain amount of 
disconnectedness and duplication amongst the various 
organisations because of different funding sources (research 
vs jurisdictional SDIs for example). 
 
Presentations and interviews with more than 35 leading 
Australian and New Zealand experts from more than 25 
different companies and government departments, has 
revealed the general consensus that within Australia and 
New Zealand, SDI development is occurring in isolated 
silos. In some cases, different agencies and organisations 
were completely unaware of the existence of other groups 
carrying out similar work. 
 
As different organisations work in isolation of each other, 
often the data that is collected is stored in proprietary formats 
that are closely coupled with the specific software and 
hardware used to collect, store and process. This means that 
the collected data is of limited use to another group unless 
they have that same software. Therefore the ability and 
opportunity for data re-use is either low or even non-existent. 
This can be especially problematic and expensive for 
governments as information and understanding that may be 
gleaned from that data to better inform policy decisions is 
not possible and for them to go out and collect the required 
data can be very expensive. 
 
The obvious solution to this scenario is for the data to be 
shared and available to others. Depending on the data 
collector this provision could be for a fee or provided free of 
charge. However, as already mentioned this is problematic 
when the data is stored in proprietary formats requiring 
specific software solutions. This is being addressed 
somewhat by the OGC (www.opengeospatial.org) with a 
number of standards for data and processes. However the 
effective discovery and interoperability of heterogeneous 
data sets is still an underlying problem in SDIs. The use of 
the Semantic Web Technology Stack, Fig. 2, is being 
proposed as one possible means to assist with solving this 
problem in a semi-automated or automated way. 
III. SEMANTIC WEB 
Berners-Lee et al. [11] published, what is now the 
seminal paper for the Semantic Web vision, where Peter and 
Lucy organize their mother's specialist appointments using 
their semantic web agents. The promotion of the Semantic 
Web by this article along with several others has increased 
Web users’ expectations of what should be achievable on the 
Web [14]. The technologies described in that seminal article 
have matured over the past 11 years and the Semantic Web is 
now evolving steadily into a reality. 
 
Feigenbaum et al. [12] present two case studies in which 
the Semantic Web is effectively used: the first one in drug 
 
Figure 1. A partial diagram of the SDI landscape of Australia and New Zealand. 
discovery and the second one in health care. These are two 
research areas in which it is vital to be able to meaningfully 
search large amounts of data. A simple search does not 
usually return effectively meaningful data. However, where 
these data sets have been created using Semantic Web 
technologies, searching these data sets is now returning 
effective useful results. 
 
Fig. 2 shows the Semantic Web Technology Stack as 
proposed in a presentation by Berners-Lee to the W3C 
consortium. The Semantic Web is not a different web to the 
current one, but simply the natural evolution of the 
traditional web. On the traditional web, the main focus is on 
making data available for humans to read. Although easy for 
humans to read, this kind of data is not easy for computers to 
automatically process. Hence, on the Semantic Web data is 
created in a way that makes it easy for computers to 
automatically process [11] and the technology stack shown 
in Fig. 2 enables computers to automatically process the 
data. From the human reader's perspective, nothing looks 
different. This is a major strength of the Semantic Web 
Technology Stack. 
 
A concern with the Semantic Web is that for the data to 
be machine readable, it must all follow the same data 
structure. This is difficult because within the spatial data 
domain many large data sets already exist and to reformat 
them would be extremely expensive. In Australia there is 
also no government policy regarding the format that the data 
needs to be stored in for ease of access. This is quite 
different from the European situation where the European 
Union established a standard data structure that all European 
nations must comply with by 2019 [24]. This is to allow easy 
access to the data for different parties. 
 
 EuroGEOSS has recognized that the diversity of 
scientific and technology practices across the research 
community makes it close to impossible to impose a single 
solution for this interoperability. Hence, they have created a 
system that uses repositories and a brokering type system 
[15]. 
 
However, the Semantic Web is not attempting to have 
all data converted to a specific format, rather it is looking at 
having underlying standards available that data on the web 
can embrace, therefore enabling machines to be able to 
process the data to extract meaningful and insightful 
knowledge from it without compromising the data's 
eloquence and uniqueness [14]. 
 
Fig. 3a displays one view of the evolution of the web 
and the approximate place on the time scale where we 
believe SDIs are currently positioned. Fig. 3b shows where 
we hope SDIs will be in the next five years. In consultation 
with the different experts throughout Australia and New 
Zealand there was a minority who thought the current 
location of SDIs on the time scale was a little too far up. For 
instance, ftp is still a major technology used to move data 
around. Also, where SDIs will be in five years was looked at 
as being slightly over ambitious by some. Meeting with that 
many different experts and academics who in the main had 
only small differences of opinions as to where SDIs are and 
will be indicated that their location on the diagram may 
reflect reasonably accurate positioning and aspiration. 
IV. SEMANTIC WEB TECHNOLGIES 
An important technology in the Semantic Web for 
assisting with data is ontology. Ontology stems from ancient 
philosophy with Parmenides being one of the earliest 
philosophers to be credited with using ontology to 
characterize the nature of reality. Software systems [16] was 
one of the earliest adopters and promoters of ontology use. It 
stemmed from within the Artificial Intelligence (AI) 
community to formally represent knowledge within AI 
systems to allow reasoning and inference. Ontology was 
defined as "… an explicit specification of a 
conceptualization" [16]. The W3C Web Ontology Language 
Overview defines it as "the representation of meaning of 
terms in vocabularies and the relationships between those 
terms" [17]. It is through these relationships and 
representations that different data that describes similar 
entities can be linked to form new knowledge. 
 
Other technology within the Semantic Web are Resource 
Description Frameworks (RDF) and Resource Description 
Framework Schemas (RDF/S). RDF is an XML based 
language that is used to describe different resources. It is 
used as a standalone metadata document that describes the 
document itself [18]. An RDF can be searched by an 
application or web service so that it can build an 
understanding about what the document contains. From the 
understanding that it builds, depending on what its purpose 
is, it may decide to use or not use that document. 
 
 Ontologies and RDFs are just two technologies that are 
being used within the Semantic Web. There are several other 
technologies such as Vocabularies and Folksonomies but this 
is by no means an exhaustive list. 
 
Figure 2. The Semantic Web Technology Stack (Berners-Lee). 
 
V. SPATIAL MARKETPLACE 
The Australian New Zealand Land Information Council 
(ANZLIC) has commissioned an exciting new venture in the 
development of the Spatial Marketplace. This development 
recognizes that government data needs to be unlocked and 
private spatial data suppliers can place their data and 
processes for others to use either for free or fee. It is to be a 
place that spatial data consumers can come to in order to find 
and use the provided data and processes [21, 22]. One 
operating principle of the marketplace is that "Everyone can 
discover and anyone can play" [19]. 
 
A major challenge that the spatial market place faces is 
how do consumers get the information that they need from it. 
A search feature is the most obvious way but a standard 
search will not bring in related data. Spatial data sets can be 
extremely large, sometimes terabytes in size, hence search is 
important but the need to have smart search facilities is even 
more important. When searching for information to assist 
with making decisions, often valuable information is not that 
which is returned from a search but the combination of 
different information. To get the combination usually 
multiple searches need to occur. 
 
A Semantic Web search approach [23] through the 
Spatial Marketplace may be a solution that in a single search 
the data requested as well as extra related data is returned 
thus providing the searcher with enough information to make 
an informed decision or in the case of a policy maker, 
provide enough information for them to continue gathering 
the needed information for policy decision making. 
 
Ontologies and RDFs allow the creation of Smart Data. 
Smart Data is data that contains enough information for 
computers to be able to make inferences from the data. The 
ontologies and RDFs along with other technologies such as 
rules allow new data and knowledge to be inferred from the 
existing data being searched. Deploying this search 
capability into the spatial marketplace will create an effective 
spatial data repository for public and private use. 
 
For a spatial data supplier a spatial marketplace provides 
a location for distributing their data either for fee or free. It 
also provides opportunity for developers to build 
applications and processes that would take advantage of the 
available data providing value added services to the 
community. 
VI. RESEARCH AREAS 
A Semantic Web based spatial marketplace is a real 
possibility. However for this to happen there is still several 
areas that need to be researched. From consulting the 
different experts and organizations throughout Australia and 
New Zealand there were several research areas that 
repeatedly arose that need to be addressed. 
 
The three over arching areas were a) Web-based 
architectures, b) Automation and c) Usability. 
 
A. Web-based Architectures 
For web-based architectures there are a growing number 
of standards developing, especially through the Open 
Geospatial Consortium (OGC). These standard include Web 
Processing Service (WPS), Web Feature Service (WFS), 
Keyhole Markup Language (KML), to name just a few. 
These standards are always open for modification and new 
standards are being invented as required. In Australia and 
New Zealand, ANZLIC recognises that the standards need to 
be explored in the Australian domain and is in the process of 
starting their own OGC forum to ensure that the needs of 
Australia and New Zealand are taken into consideration as 
these standards are developed and evolve. 
 
B. Automation 
Currently most of the creation of ontologies, RDFs and 
vocabularies is carried out manually.  
  
Figure 3a. The current state of SDIs and the technologies 
used in them.   
Figure 3b. The predicted state of SDIs in 5 years and the 
technologies they use. 
This usually requires an expert in the field to go through 
the data and understand its semantics and meaning to 
manually create these artifacts. Automatically generating 
these types of artifacts through AI and machine learning is an 
area that has had some but not enough research activity. 
 
Another research area is in the Federated Data Models 
domain. Currently much of the research has not closely 
examined federated data models but rather it has looked into 
non-federated data models. Many organizations have spent 
large sums of money in collecting spatial data and are 
unwilling to process the model to change the schema or data 
model because this can require much manual interpretation 
to map concepts and data types. Rather, a better approach is 
the creation of a community based schema which can be 
placed in front of the data sets that already exist. That which 
faces out from the data set to the world would be a 
community developed schema that enables web-based 
processes to simply access the data without modifying the 
original data 
 
Supply chain generation, and reconciling licensing and 
terms of use are also areas of automation that requires 
research. In a spatial marketplace customers may search for 
information that ends up being supplied through various 
different suppliers but is delivered by a single web service 
provider. In this situation different data sets may have 
different licensing conditions and hence the final derived 
produce will be restricted within the different licenses. 
 
C. Usability 
System usability is an extremely important factor for the 
success of SDIs and the Spatial Marketplace. Interfaces by 
Apple® and Google® are simple to use and hide the 
complexity of processing from the user. Usability does seem 
to be quite often overlooked in SDIs. In developing Semantic 
Web based applications, especially those commissioned by 
non GIS and spatial data experts [20] it is clearly pointed out 
that during the specification creation as well as at 
deployment time, client expectations need to be carefully 
managed. During consultations with the various experts and 
organisations throughout Australia and New Zealand this 
sentiment was echoed. Managing expectations as well as 
providing services that are usable for both expert and non-
expert is important. 
VII. CONCLUSION 
Semantic Web provides the next step in the evolution of 
the current web. The realization of that which Berners-Lee 
described in 2001 is emerging. The area of spatial data is 
also an area evolving to be one of the most important data 
areas due to almost all data having some kind of location 
associated with it. For the Semantic Web for spatial 
information to live up to its full potential there is much 
research that needs to be carried out in order to provide the 
theoretical and practical underpinnings for the technologies 
that will be used in the coming years. 
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